Abstract: There are very few reports on the phytochemistry of Anoectochilus setaceus Blume, Codonopsis javanica (Blume) Hook. f. and Aristolochia kwangsiensis Chun & F.C.How ex S.Yun Liang species in the literature. Here we present essential oil compositions of the three endemic plants from Vietnam. The analysis of the chemical constituents of the hydrodistilled essential oils was achieved by using gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). The essential oils of A. setaceus, C. javanica and A. kwangsiensis afforded very low oil yields: 0.12%, 0.31% and 0.10% (v/w), respectively, calculated on a dry weight basis. The result indicated that the major components of the leaf oil of A. setaceus consist mainly of α-cadinol (17.1%), (E,E)-farnesol (14.0%) and terpinen-4-ol (11.0%) while β-pinene (20.8%) and α-pinene (15.4%) were the main compounds identified in C. javanica. However, the significant compounds of A. kwangsiensis were sabinene (34.8%), β-caryophyllene (8.8%) and terpinen-4-ol (8.6%). To the best of our knowledge this is the first report on the essential oil compositions of these species.
Plant Source
The present study report the chemical constituents identified in the essential oils of from the leaves of Anoectochilus setaceus Blume, Codonopsis javanica (Blume) Hook. f. and Aristolochia kwangsiensis grown in Vietnam. The leaves of A. setaceus, C. javanica and A. kwangsiensis were
Previous Studies
Anoectochilus setaceus Blume is a species in the genus Anoectochilus, which is a genus of about 50 orchids (family Orchidaceae). The plant is one of the rare medicinal orchids in Vietnam and has various functions in traditional medicine, such as anti-tumor, lipase decreasing, anti-diabetes and antihepatitis [1] . The chemical constituents and biological activities of some species in the genus Anoectochilus have been described [2] [3] [4] when compared to A. setacues. The antibacterial activity of helvolic acid which was isolated from A. setacues has been published [5] . However, the authors are not aware of any published report on the volatile constituents from the leaves or any other parts of Anoectochilus plants. Codonopsis javanica Hook. f. et Thoms is a perennial climber. The flowers are hermaphrodite and are a vital herb in Chinese folk medicine. The plant belongs to the Campanulaceae family [6] . C. javanica and other Codonopsis species have been used to treat diabetes and other diseases. A finding recently showed that fructose-induced hyperinsulinemia and associated oxidative stress could be attenuated by C. javanica root extracts [7] . Extract of C. javanica possess insecticidal action against Aedes albopictus [8] . No literature citation could be found on the chemical compositions of essential oils from the leaves or any other parts of C. javanica. Aristolochia kwangsiensis Chun et How ex CF Liang is a climbing shrub of the family Aristolochiaceae. Extracts from the plant have displayed some biological activities such as antimicrobial, antioxidant and anti-inflammatory [9] . The phytochemical compounds of A. kwangsiensis includes allantoin, aristolochic acid, β-sitosterol and 3,4-methylenedioxy-6,8-dimethoxy-1-methyl ester phenanthrene or 6-methoxy aristolochic acid methyl ester [10] . The volatile compositions from the leaves or any other parts of A. kwangsiensis have not been previously reported.
Present Study
The average yields of the hydrodistilled essential oils were 0.12%, 0.31% and 0.10% (v/w) respectively for the leaves of A. setaceus, C. javanica and A. kwangsiensis, calculated on a dry weight basis. All the oil samples were light yellow.
The GC analysis of essential oils was carried out using an Agilent Technologies HP 6890 Plus GC which was equipped with a flame ionization detector and HP-5MS column. Each analysis was performed in triplicate. Retention indices (RI) value of each component was determined relative to the retention times of a homologous n-alkane series (C6-C32), under the same operating conditions (Please see supporting information), with linear interpolation on the HP-5MS column as described previously [11] .
The identified volatile constituents along with their percentages and retention indices calculated on HP-5MS column were shown in Table 1 . Fifty compounds representing 91.4% of the total volatile compounds were identified in the leaf of A. setaceus. The main classes of compounds present in the leaf oil were monoterpene hydrocarbons (10.9%), oxygenated monoterpenes (17.0%), sesquiterpene hydrocarbons (19.6%) and oxygenated sesquiterpenes (43.9%). The major constituents present in the leaf oil of A. setaceus were α-cadinol (17.1%), (E,E)-farnesol (14.0%) and terpinen-4-ol (11.0%). To the best of our knowledge this is the first report on the essential oil compositions of these species. On the other hand, 64 constituents amounting to 97.1of the total oil content were identified in the leaf of C. javanica. The representative classes of comprising identified in the oil were mainly monoterpene hydrocarbons (44.2%), oxygenated monoterpenes (6.2%), sesquiterpene hydrocarbons (25.6%), oxygenated sesquiterpenes (15.4%), diterpenes (1.4%) and non-terpene compounds (4.7%). The significant compounds of the leaf of oil were β-pinene (20.8%) and α-pinene (15.4%). The authors are not aware of any published data on the volatile compounds of the leaf of C. javanica, and as such the present study may represent the first of its kind. On chemotaxonomic consideration, the essential oils of C. pilosula [12] contained aromatic compounds, those of C. clematidea [13], C. thalictrifolia [14] and C. cordifolioidea [15] consisted mainly of fatty acids while terpenes dominates in the oil of C. javanica (present study). Thirty-seven constituents totaling 92.2 ± 0.01 % of the total oil contents were identified in the leaf of A. kwangsiensis. This comprises of monoterpene hydrocarbons (43.7%), oxygenated monoterpenes (16.7%), sesquiterpene hydrocarbons (18.3%), oxygenated sesquiterpenes (6.8%) and non-terpenes (6.7%). The components occurring in higher amounts in the leaf oil were sabinene (34.8 ± 0.02%), β-caryophyllene (8.8 ± 0.01%) and terpinen-4-ol (8.6 ± 0.01%). As earlier stated the authors are not aware of any report on the composition of the leaf oil of A. kwangsiensis. The oils of Aristolochia may be classified into those containing monoterpene hydrocarbons such as A. kwangsiensis, A. trilobata [16] and A. gibertii [21] ; oxygenated monoterpenes found in A. indica [17] and A. asclepiadifolia [25] ; sesquiterpene hydrocarbons present in A. impudica [19] , A. papillaris [23] and A. rodriguesia [23] ; oxygenated sesquiterpenes as seen in A. ovalifolia [18] and A. argentina [22] . There are essential oils containing abundance of sesquiterpene hydrocarbons and oxygenated sesquiterpenes common to A. gibertii [24] as well oils containing non-terpenes compound found in A. cymhifera [23] .
